INTRODUCTION 36 6 line shapes to those detected from a reference sample of glycerol in D2O ( Fig. S2 ) and did not show 116 any correlations to other units. The free glycerol could be generated during strong sonication. 117 Therefore, one needs to pay extra attention when using strong sonication to depolymerize large 118 polysaccharides. 119 Based on the above analysis, the repeat unit of serotype 16F CPS was determined to be a (Fig.2) . Full assignments of the 16F CPS, de-OAc 16F CPS and de-P-Gro 16F CPS 122 repeat unit is given in Table 2 .
123
NMR assignments for serotype 16A CPS repeat unit 124 1D 1 H and HSQC spectra of 16A CPS contained eight different anomeric signals. However, the 125 intensity of these anomeric signals varied, and it turned out to be due to partial 2-OAc substitution 126 on a single position (Fig. 3) . Moreover, NMR analysis of de-O-acetylated 16A CPS showed only 127 six anomeric signals, which indicated that 2-OAc substitution affected nearby anomeric signals. The 128 monosaccharide units were labelled A, B, C, D, E and F in order of descending 1 H chemical shift. 129 As A was only partially 2-OAc substituted, A without 2-OAc substitution was labelled as A'. 7 (14)(15). This 2-OAc substitution of A would explain the downfield shifted proton chemical shift of 139 A2 at 5.155 ppm. The de-OAc 16A CPS spectra became far simpler compared to native 16A CPS, 140 as signals caused by the partial O-acetylation disappeared. The anomeric region of de-OAc 16A 141 CPS showed only six signals with almost identical integrals in the 1 H spectrum. The chemical shift 142 of A2 moved upfield from 5.155/82.45 ppm to 4.342/80.45 ppm (Table 3 ). B and D were both 143 identified as rhamnopyranosides, because of the methyl groups at their 6-positions and the 3 JH, H 144 coupling constants that corresponded to 6-deoxy mannopyranose configurations. C and F was 145 identified as an α-and β-galactopyranoside, respectively, according to their 3 JH, H coupling 146 constants (Table S1 ) and chemical shifts. The 6-position of C was connected to a glycerol-1-147 phosphate substitution according to 1 H-31 P HMBC, which can explain the relatively downfield 148 chemical shift 3.960/64.46 ppm at C6 compared to 3.704/61.24 ppm in de-P-Gro 16A CPS. E was 149 determined to be a β-glucopyranose as it only had large 3 JH, H coupling constants. Based on the 1 JH1, 150 C1 coupling constants of approximately 170 Hz, measured from CLIP-HSQC, the two rhamnosides 151 B and D were identified as having α-configuration. Additionally, the CLIP-HSQC was also used to 152 confirm the anomeric configurations of C, E and F with 1 JH1, C1 coupling constants of 153 approximately 170, 160 and 160Hz, respectively. The anomeric configurations are in agreement 154 with 3 JH1, H2 coupling constants and the chemical shifts in general. NMR analysis of the 155 monosaccharide repeat units were in agreement with the results of the monosaccharide composition 156 analysis: rhamnose : galactose : glucose in approximately a 2 : 3 : 1 ratio (Table 1) . Furthermore, in 157 the HMBC and NOESY spectra ( Fig. S3 ), cross peaks of A1 with D3, D1 with B2, B1 with C3, C1 158 with F3, F1 with E4 and E1 with A3 revealed linkages of these monosaccharide units. So, these six 159 sugars constitute a linear backbone of the 16A repeat unit in the sequence: 3)-A-(1-3)-D-(1-2)-B-(1- 3)-C-(1-3)-F-(1-4)-E-(1-. Thus, the repeat unit of serotype 16A CPS were determined to be a 161 hexasaccharide with the following structure: (Fig.2) . The full 163 assignment of the 16A CPS, de-OAc, de-P-Gro 16A CPS repeat unit is given in Table 3 . 164 The 13 C chemical shift assignments of 16F and 16A CPS also supported glycosidic linkage sites 
The cps locus of 16F contained three GT genes. The GT (WchF) has been shown to be encoding the (1)(23).
195
Serotype 16A cps locus had five GT genes. The GT (WchK) that is found in 13 different serotypes, 196 was assigned as β-1-4-galactosyltransferase and WchJ was suggested to enhance activity of 197 WchK(18)(24). The WcyK, also found in serogroup 11 (25) (Table 4 ). Thus, the only unassigned GT(WcxT), by process of 201 elimination, was assigned to be responsible for catalyzing the linkage of α-L-Rhap-(1-2)-α-L-Rhap.
202
The WciG, a putative acetyl transferase, catalyzed 2-O-acetylation at β-D-Galf (28)(29)(27) (30).
203
The WcxR is putative LicD-family phosphotransferase which was assigned to catalyze When compared to other serogroups, 16F cps locus showed high similarity to serotype 28A and 28F 208 and it was in the same subcluster of cluster 2 (18)(23) (Fig. 4 ). Not only containing the same 209 conserved regulatory genes, they have highly similar WchA, GTs, acetyl transferase (WcxM) and 10 flippase (Wzx). Main differences in 28F and 28A cps loci were glycerol-2-phosphate biosynthetic 211 genes (gtp1, gtp2, gtp3), compared to glycerol-1-phosphate (gct) in 16F (Fig.4) . Thus, the repeat 212 unit structure of 16F CPS should have similarities to 28F and 28A CPS structure, which are 213 unfortunately both unknown.
214
Serological cross-reactions of diagnostic antisera between serogroup 16 and other serotypes 215 When serotyping S. pneumoniae, serogroup 16 reacts with pool antiserum D and was identified by 216 group antisera 16. Furthermore, factor antisera 16b and 16c was used to determine serotype 16F and 217 16A ( Table 5 ). Positive Quellung reactions were observed between serotype 16F and 16A and 218 factor antiserum 11c. Factor antiserum 11c reacted with serotype 11A, 11C and 11D and is reported 219 to bind to P-Gro and OAc groups (25). Moreover, the cross-reaction between serotype 16F and 220 factor serum 11d was previously observed (18). These cross-reactions indicated similar antigenic 221 properties among them. However, the cps gene locus of serotypes 11A do not show high similarity 222 to 16F cps locus apart from regulatory genes, wchA and gct (Fig.4) , while 16A shared some similar 223 GTs (WchJ, WchK and WcyK) with serogroup 11. The common parts of the 16F CPS repeat unit 224 structure compared with that of 11A, are that they consist of a linear tetrasaccharide backbone with 225 glycerol-1-phosphate branches and O-acetyl substitution. The O-acetylation was reported to be 226 crucial to the antigenicity of serogroup 11(25)(31). The cross-reactions between group 16 and factor 227 antiserum 11c confirmed that factor 11c epitope was associated with P-1-Gro and OAc groups.
228
Serotype 16F cross-reacted with factor antiserum 28b, which was used for serotyping 28F. Thus, it 229 can be predicted that the CPS structure of 28F might be similar to 16F, as they have highly similar 230 cps genes and common serological activity. No cross-reaction was observed between factor 231 antiserum 11c and serotype 28F, which has genes to express P-2-Gro synthase, indicating that factor 232 antiserum 11c might react specifically to P-1-Gro and not P-2-Gro. Additionally, serotype 28F and 233 28A reacted with factor antiserum 23d, which is used for serotyping 23B. CPS structures of group 11 23 all contain P-2-Gro(32). However, Factor antiserum 23d only reacts with serotype 23B of 235 serogroup 23. Thus, it suggests that there might be other similar structural properties other than P-2-
236
Gro between serogroup 28 and serotype 23B. However, these assumptions about serogroup 28 need 237 further structural information to be confirmed.
238

Summary of results
239
The CPS repeat unit structures of serotype 16F and 16A were elucidated using NMR spectroscopy 240 and chemical analysis (Fig. 2) , which provide first comprehensive understanding of serogroup 16 241 CPS. Furthermore, based on the determined CPS structures, a comparison analysis of CPS 242 biosynthesis of serotype 16F and 16A with related serotypes that share same biosynthetic genes 243 revealed functions of previously unknown glycosyltransferases WcxN and WcxT (Table 4 ). Finally, 244 the serogroup 16 CPS were subjected to serological studies to determine any relevant cross-245 reactions with antisera from the genetically similar serogroup 28, where it was shown that the CPS 246 of serotype 16F and 28F have similar antigenic properties, as they both react with factor serum 28b 247 which is used for 28F serotyping. Thus, it could be predicted that the CPS structure of serotype 28F 248 should be similar to serotype 16F, since they have highly similar cps genes and serological 249 behavior.
250
MATERIALS AND METHODS
251
Sample preparation 252
Purified pneumococcal capsular polysaccharide (CPS) from serotypes 16A and 16F, as well as 253 rabbit antisera, were produced by SSI Diagnostica, Hillerod, Denmark. The polysaccharide samples 254 were dissolved in D2O (99.9 %, Sigma) to concentrations of approximately 1.5% w/v (10 mg in 600 255 μL).
12
Ultra sonicated 16F CPS were obtained by sonication of the CPS (10mg in 5 mL 2M KCl) using a 257 LABSONIC® P ultrasonic homogenizer with a 3 mm Probe for 2 hours under an ice bath, 258 following this it was desalted and concentrated using centrifugal filters (Amicon® Ultra-4, 3 kDa).
259
De-OAc and de-P-Gro were performed using methods described by Richards and Perry(33) . OAc removed only acetyl groups, while de-P-Gro removed both acetyl and glycerophosphate 261 groups. De-OAc CPS were obtained by treating approximately 5-10 mg of each polysaccharide with 262 1 mL of a 0.2 M NaOH in D2O solution at room temperature for 2 h, which was subsequently 263 neutralized with 2M HCl, followed by desalting and removal of residuals using centrifugal filters 264 (Amicon® Ultra-4, 3 kDa). Dephosphorylated CPS were generated by treating approximately 10 265 mg of each CPS in 2 mL of 1 M NaOH, containing a trace amount of sodium borohydride, at 100 266 °C for 4 h in screw-capped glass tubes filled with nitrogen. Then the solutions were cooled in an ice 267 bath and neutralized with acetic acid, followed by desalting and removal of residuals using 268 centrifugal filters (Amicon® Ultra-4, 10 kDa). Finally, these samples were transferred to 5 or 3 mm 269 NMR tubes.
270
NMR spectroscopy
271
NMR spectroscopy were used to determine repeat unit structures of serotypes 16A and 16F CPS.
272
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